Abstract
INTRODUCTION
Surgical total aortic arch replacement (SAR) with antegrade cerebral perfusion under moderate hypothermia is an established procedure and has an excellent mid-term survival rate [1] [2] [3] [4] . However, SAR is still an invasive option for high-risk patients, and advancements and developments in hybrid approaches for thoracic endovascular aortic repair (TEVAR) continue to evolve. Therefore, risk stratification, using a predictor of mortality and morbidity after SAR, is important to determine an optimal surgical strategy for the treatment of aortic arch diseases. Although preoperative comorbid conditions such as advanced age, chronic lung disease, renal dysfunction and cerebrovascular disease were recognized as conventional risk factors for aortic surgery, frailty including nutritional status, sarcopenia, swallowing and motor functions has not been fully examined. Actually, these conditions can reflect not only survival but also postoperative activities of daily living (ADL) in aortic surgery as stronger predictors. Frailty is defined as a state of increased vulnerability due to multiple physiological systems, and a frailty score has been used as a new marker to predict postoperative morbidity and mortality in cardiac surgery and transcatheter aortic valve replacement [5] [6] [7] [8] .
Additionally, frailty was reported to be an independent predictor of early and late mortality risk in patients after proximal aortic surgeries [9] . However, there are still a limited number of reports on this topic in the field of aortic surgery. The aim of this study is to evaluate frailty, including nutritional status, diminished skeletal muscle mass, swallowing and motor functions, in patients undergoing surgical aortic arch replacement and seek a new predictor of mid-term survival and postoperative improvement of ADL.
MATERIALS AND METHODS

Study design and patient selection
This is a single-centre, retrospective study. Between October 2012 and March 2017, 160 consecutive patients underwent elective total aortic arch repair (excluding hemiarch reconstruction) at a single cardiovascular centre. After excluding 31 patients undergoing hybrid approaches with TEVAR (28 debranching with TEVAR and 3 chimney technique), conventional total aortic arch replacement with antegrade cerebral perfusion under moderate hypothermia was performed in 129 patients. In this study, 13 emergency cases with shock status, 1 case with infectious aneurysm and 2 cases with aorto-oesophageal fistula were excluded; the remaining 113 patients were enrolled. In the 113 patients, preoperative frailty, nutritional status, sarcopenia and ADL were examined, and the relationship between these parameters and postoperative survival, improvement of ADL, swallowing and motor functions was evaluated. Additionally, a predictive score for mid-term survival was sought on the basis of the above-mentioned parameters. Patient consent was obtained, and this study was approved by the institutional ethics committee in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. Patients were scheduled for follow-up at hospital discharge (up to 30 days), 3-6 months and 1 year, with clinical assessment, computed tomography, 12-lead electrocardiography, haematology echocardiogram and medications. After the 1-year visit, follow-up will continue annually. The average follow-up period was 1.4 ± 1.1 years (maximum 4.2 years). Follow-up was completed for all patients, and data were collected through the last follow-up visit.
Surgical technique of open total aortic arch repair
As previously reported, the respective surgical technique is briefly summarized here [10] . After systemic cooling to a bladder temperature of 25 C on cardiopulmonary bypass using unilateral femoral artery perfusion and bicaval drainages, antegrade cerebral perfusion was established by inserting 14-18-Fr balloon catheters into the aortic arch vessels under circulatory arrest. The brachiocephalic artery was clamped to perfuse the right-sided hemisphere in case the right axillary artery was additionally chosen for arterial cannulation. The aortic arch was transected at the level distal to the aneurysmal end and reconstructed using either the stepwise technique or direct distal anastomosis. Finally, antegrade systemic perfusion through the rim of the graft was resumed, and 3 cerebral vessels and the proximal aorta were reconstructed step by step.
Assessment of patients' frailty
The Canadian Study of Health and Aging (CSHA) scale was used as a simple and reliable index to evaluate the frailty of preoperative patients as follows: 1, very fit for one's age; 2, well but less fit than people in category 1; 3, well but with treated comorbid disease; 4, apparently vulnerable although not frankly dependent; 5, mildly frail with limited dependence; 6, moderately frail and help is needed; 7, severely frail and completely dependent on others; 8, very severely frail; and 9, terminally ill [5, 8] . The preoperative nutritional status of patients was evaluated by the isolated serum albumin level and the CONtrolling NUTritional status (CONUT) score (0-1, normal; 2-4, light; 5-8, moderate; 9-12, severe malnutrition) [11] . Sarcopenia was estimated by psoas muscle volume using computed tomography. The psoas muscles were outlined at the inferior border of the third lumbar vertebrae. The areas of the left and right psoas muscles were summed. The total psoas area was divided by the square of the body height (psoas muscle index), and diminished skeletal muscle mass was defined according to the Japanese standard value (male <6.36 cm 2 /m 2 ; female <3.92 cm 2 /m 2 ) [12, 13] . To evaluate the ADL of pre-and postoperative patients, a Katz index of independence in activities of daily living (KI of ADL <6 points, not frail; 6 points, frail) was used [14] . The Fujishima grade was used to evaluate swallowing (Grade 10, normal; Grade 4-9, mild-to-moderate dysphagia; and Grade 1-3, severe dysphagia) [15] . Postoperative evaluation was performed at the time of discharge. All data on patients' frailty were assessed by a single expert physical therapist.
Statistical analysis
Continuous data are presented as mean ± standard deviation. Categorical variables are given as a count and percentage of patients. Predictive factors for mid-term survival were assessed with univariable Cox proportional hazards model among the potential 20 variables (age, gender, body surface area, body mass index, hypertension, hyperlipidaemia, diabetes mellitus, chronic obstructive pulmonary disease, peripheral vascular disease, carotid artery stenosis, haemodialysis, atherosclerotic disease of the aortic arch, aortic dissection, left ventricular ejection fraction, EuroSCORE II, CSHA scale, CONUT score, serum albumin, the psoas muscles volume and the KI of ADL). The proportionality assumption for the Cox regression model was checked by examining the log minus-log plot of the survival functions, and a parallel curve was obtained. Continuous variables were used as 3 levels by the interquartile of each parameter to obtain the threshold level. We composed a risk scoring system in which we assigned points for each risk factor according to the logarithm of the hazard ratio (HR), rounding off to the nearest integer. A risk score was assigned to each patient by adding up the points, and we selected the best cut-off score discriminating between the low-and the high-risk groups for mid-term mortality based on the lowest Akaike information criterion (78.0). Akaike information criterion obtained by other cut-off scores ranged from 81.9 to 97.3. The survival rate between the 2 risk grades was compared using the Kaplan-Meier model and log-rank test. A P-value of <0.05 was considered significant. All data were analysed using the Statistical Analysis Systems software JMP 12.0 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Patient demographics and preoperative status of frailty
The overall mean age of patients was 72.6 ± 9.0 years (range 45-91 years), and the percentage of female gender was 24.8% (28 of 113 patients). Preoperative characteristics and comorbidities are listed in Table 1 
Early and mid-term outcomes
The overall 30-day in-hospital and operative mortality was 0.9% (1 of 113) and 0.9% (1 of 113), respectively. Incidences of transient ischaemic attack, permanent stroke and spinal cord injury were 4.4% (5 of 113), 0.9% (1 of 113) and 1.8% (2 of 113), respectively. Postoperative KI of ADL <6 was observed in 24 (21.2%) patients, and the percentage of patients with ambulatory and unaided walking was 96.5% (109 of 113) and 83.2% (94 of 113), respectively. Regarding postoperative swallowing function, mildto-moderate and severe dysphagia were shown in 20 (17.7%) and 11 (9.7%) patients, respectively. Ninety-two (81.4%) patients were discharged home.
Cox proportional hazards analysis for predictors of mid-term survival
Postoperative death during follow-up occurred in 11 patients, and the causes of death were as follows: 5 due to aortic events; 3, stroke; 1, respiratory failure and 2, sepsis. The 1-year and 3-year survival rate was 91.1% and 87.2%, respectively. Age, CSHA score, serum albumin level and KI of ADL were detected as factors significantly associated with all causes of death. EuroSCORE II was not detected as a correlated factor with mid-term survival (P = 0.41). Risk stratification for mid-term mortality by using a predictive score
Based on the HR obtained by the Cox proportional hazards model, the risk of mid-term mortality was stratified. Isolated predictive factors were assigned point values as follows: age <68 years (n = 26), 0 point; 68 years < _ age <79 years (n = 55), 1 point; age > _79 years (n = 32), 4 points; CSHA scale > _4 (n = 26), 1 point; serum albumin level > _4.25 g/dl (n = 28), 0 point; 3.7 g/dl < _ serum albumin level <4.25 g/dl (n = 58), 1 point; serum albumin level <3.7 g/dl (n = 27), 2 points and KI of ADL <6 (n = 3), 2 points ( Table 2 ). The total number was reclassified into 2 grades: low-risk (total points = 0-5) and highrisk (total points = 6-9) groups. The low-and high-risk groups included 96 and 17 patients, respectively. There was no significant difference in EuroSCORE II between the 2 groups (3.0 ± 1.9 in lowrisk and 3.6 ± 1.5 in high-risk groups; P = 0.21).
The Kaplan-Meier curve revealed a significant decrease in the 3-year survival rate according to the risk grades (96.2% and 33.9% in the low-and high-risk groups, respectively, log-rank test; P < 0.001; Fig. 1 ). With regard to walking and swallowing, the percentage of patients with non-ambulatory and aided support was significantly higher in the high-risk group (P = 0.011 and P = 0.001, respectively; Fig. 2A and B) . Moreover, the percentage of patients with dysphagia significantly increased in the high-risk group (P = 0.012; Fig. 3A) . Prolonged ventilation support (>72 h after surgery), tracheostomy and tube feeding was shown in 8 (7.1%), 2 (1.8%) and 7 (6.2%) patients, respectively, in all cohorts. The incidence of prolonged ventilation support and tracheostomy was as follows: [5.2% (5 of 96) and 17.7% (3 of 17), P = 0.099] and [1.0% (1 of 96) and 5.9% (1 of 17), P = 0.28] in the low-and high-risk groups, respectively. The percentage of patients with tube feeding was significantly greater in the highrisk group (P < 0.001; Fig. 3B) . Additionally, the percentage of patients who were not discharged home also significantly increased according to the risk grades (P = 0.003; Fig. 3C ).
DISCUSSION
Taking surgical invasiveness into consideration, there are a certain number of high-risk patients who are not expected to be suitable candidates for SAR. However, considering that the outcomes of hybrid arch repair for high-risk patients are not superior to conventional SAR, there is still no consensus on the ideal treatment. The range of treatment options can expand the indication for aortic arch repair, and thus the definition of 'high risk' varies. In addition to recognizable comorbidities, the indication based on patients' frailty and ADL has been emphasized to evaluate surgical risks. In this study, preoperative frailty, nutritional status, sarcopenia and ADL were examined. As a result, advanced age, high CSHA value, hypoalbuminaemia and insufficient KI of ADL were detected as risk factors for mid-term mortality. Additionally, risk stratification by using a predictive score based on these factors would indicate not only mid-term outcomes but also postoperative physical activities (walking, swallowing, tube feeding and ADL). On the other hand, conventional EuroSCORE II did not predict mid-term outcomes, and there was no significant correlation between the EuroSCORE II and the new risk stratification in this study. Thereafter, the modified risk score has a potential to provide a new predictive strategy in surgical arch repair. Frailty is a concept that was initially propounded for aged patients undergoing transcatheter aortic valve replacement, and several studies frequently focused on the efficiency of evaluated frailty criteria, including hypoalbuminaemia and sarcopenia [16] [17] [18] [19] . The detailed definition of frailty is broad, and in proximal aortic surgeries, the following factors were previously used and any patient with a score of > _2 was defined as frail: (i) age >70 years, (ii) body mass index <18.5 kg/m 2 , (iii) anaemia (<12.0 g/dl for women and <13.0 g/dl for men), (iv) hypoalbuminaemia (<3.5 g/dl), (v) a history of stroke and (vi) a total psoas volume in the bottom quartile of the patient population [9, 20, 21] . This risk score could predict the early and late mortality in proximal aortic surgeries. In terms of aortic arch open repair, Ikeno et al. [22] reported that sarcopenia evaluated by using psoas muscle area index was a predictive factor of overall survival after elective total arch replacement in patients with advanced age. In this study, the obtained results were basically congruent with previous reports. However, body mass index and psoas muscle volume were not correlated with late mortality because the study population was not limited to aged patients. Nowadays, people live longer and are more active. Thus, the concept of frailty is not just for aged patients. Actually, not only age but also a higher frailty score, hypoalbuminaemia and insufficient ADL were detected as real risk factors for all causes of late death, and it should be noted that these parameters can lead to postoperative waning of physical functions and lower ADL level, regardless of preoperative comorbidities.
Although hybrid aortic arch repair with TEVAR has been evolving in association with device development, various techniques do not outstrip conventional procedures in the outcomes of high-risk patients. However, postoperative improvement of ADL and physical function has not been fully evaluated in high-risk patients. Therefore, not only survival but also recovery of ADL and physical functions should be the focus and compared between the conventional and hybrid approaches to elucidate the objective benefits of different procedures. The risk score was well-correlated with mortality and postoperative ADL in SAR and may be useful in determining an optimal treatment for aortic arch diseases.
Limitations
There were several limitations in this study. First, this study was not a prospective analysis. Therefore, there may be a selection bias, and the selection of surgical procedure, including hybrid approaches, could not be decided randomly and prospectively. Preoperative swallowing function was not precisely evaluated; therefore, recurrent nerve palsy could not be completely excluded from patients with dysphagia. To validate this scoring system, prospective setting with an all-comers approach and internal cross-validation methods should be required. In addition, using the Akaike information criterion to look at all combinations of thresholds may not be optimal when extrapolated to external data sets. Second, the sample size including the event size was small, and the follow-up period was relatively short. Therefore, statistical power with univariable analysis was insufficient, and increasing the sample size for multivariable analysis is recommended to validate the risk scoring by statistical methods.
Patients who had extremely high-risk backgrounds and could not be candidates for conventional arch repair were excluded, and therefore, the cohort was not evaluated. During follow-up, additional treatment was refused in some frail patients, and the group with aorta-related death included that kind of patients. It is controversial that this type of death could be included as an aortarelated death. Finally, different timings of the postoperative evaluation might have influenced the results, and because all factors influencing survival may not have been evaluated, some associated and unrecognized factors may remain.
CONCLUSION
In conclusion, this study achieved risk stratification for mid-term mortality of elective SAR by a simple scoring system based on patient age, serum albumin level, CSHA scale and KI of ADL. Additionally, the risk classification was correlated with postoperative waning of physical functions. However, the validation of this modified risk score should be continuously evaluated for standard use.
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